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PREPARATION OF REACI‘IVE METAL 
HYDRIDES 

BACKGROUND OF THE INVENTION 

1. Field: 
This invention relates to the production of hydrides 

of Group IV-b and V-b transition metals and their al 
loys. It is speci?cally directed to the production of such 
hydrides from molten metal droplets. 

2. State of the Art: 
The preparation of metal hydrides, either intention 

ally or as an inherent consequence of other procedures 
is well known. The technology of effecting an absorp 
tion of hydrogen gas by a transition metal to form a 
hydride has been well developed in connection with the 
production of sponge or alloyed metallic materials pre 
dominating in metals of Group IV-b and V-b (notably 
Ti, Zr, Hf, V, Nb, Ta) of the periodic table of elements. 
The hydriding process of reactive metals as convention 
ally practiced is disclosed, for example, by U.S. Pat. 
Nos. 3,376,107; 3,776,855; and 4,470,847, the disclosures 
of which are incorporated herein by reference. 

Metal hydrides, typically of the formula MHZ, 
wherein M is a metal capable of reacting with hydro 
gen, are characteristically brittle. This characteristic is 
useful in the manufacture of particulate metals. For 
example, a sheet of metal may be heated to its reactive 
temperature and exposed to hydrogen gas. After a per 
iod of several hours, the metal becomes substantially 
hydrided; that is, the metal absorbs about one to three 
or more percent by weight (depending upon the molec 
ular weight of the metal) hydrogen. It is thus brittle and 
susceptible to comminution to powdered form. The 
powder can then be heated or otherwise treated to 
remove the hydrogen. U.S. Pat. No. 4,300,946, the dis 
closure of which is incorporated by reference, discloses, 
for example, a method whereby metal is heated in the 
presence of hydrogen while concurrently being sub 
jected to mechanical impact to obtain a particulate hy 
dride of average particle size of less than about one 
centimeter. 

Plasma generators have been used in various contexts 
in connection with the preparation or treatment of reac 
tive metal hydrides. U.S. Pat. Nos. 3,803,403; 3,843,352; 
and 3,848,068, the disclosures of which are incorporated 
herein by reference, disclose representative procedures 
utilizing plasma heating. The process of U.S. Pat. No. 
3,803,043 utilizes a plasma arc to generate spherical, but 
non-friable particles. The particles are then fabricated 
into an object, and the object is thereafter utilized as a 
hydrogen storage (through reversible hydriding) de 
vice. U.S. Pat. No. 3,843,352 utilizes a gas plasma in a 
cooled metal crucible to melt sponge metal. U.S. Pat. 
No. 3,848,068 vaporizes metal powder with a plasma 
and rapidly quenches the vapor to obtain ultra pure 
?nely divided metal compounds, such as metal hydride. 
The plasma gas may contain up to 100 percent reactive 
gas; e.g., hydrogen. Particulate metal; e.g., zirconium 
and its alloys, preferably of minus 200 mesh size, is 
introduced to the plasma stream. The metallic material 
is vaporized, and the vapors react with the reactant gas 
of the plasma. The plasma stream and reaction products 
are rapidly quenched. Other processes have been sug 
gested whereby a hydrogen gas plasma is directed 
against a pool of molten metal to supersaturate a region 
of the pool with hydrogen. The supersaturated compo 
sition migrates to a cooler region of the pool whereupon 
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2 
the absorbed hydrogen is expelled and carries micro?ne 
solid pure metal out of the pool for recovery. 
The phase diagrams of the transition metals and their 

alloying elements are characterized by diverse phases 
occuring at the temperatures at which hydrogen ab 
sorption is promoted. (A representative such diagram 
for zirconium appears in U.S. Pat. No. 3,776,855.) Ac 
cordingly, there is a tendency for an alloy to degrade in 
composition during the hydriding procedure. More 
over, hydrogen solubility in the metals of most interest, 
notably zirconium, is lower at elevated temperatures, 
particularly in the molten metal range. Generally, to 
obtain adequate hydrogen absorption, it is necessary to 
expose the metal to hydrogen at the temperature range 
of about 400° C. to about 800° C. In the transition metal 
alloy systems, the various alloying metals tend to segra 
gate into different phases if held too long in this temper 
ature range. For example, in the zirconium system, iron, 
chromium and niobium tend to segragate into a beta 
phase, while tin segragates into an alpha phase. 
There remains a need in the art for a method whereby 

hydrides of transition metal alloys may be formed rap 
idly without degradation. 

SUMMARY OF THE INVENTION 

The procedures of this invention are generally appli 
cable to the production of hydrides from metallic mate 
rials capable of reacting with hydrogen. Presently, the 
materials of most interest are alloys of transition metals, 
notably those of Groups IV-b and V-b of the periodic 
chart of elements. The invention is described herein 
with particular reference to zirconium alloys because it 
offers particular bene?ts as applied to thosematerials. 
Metal hydrides, e.g., zirconium alloys hydrides, are 

produced by introducing the metal to a melting zone 
under conditions which form individual droplets of the 
material. The individual droplets are exposed to a hy 
drogen atmoshpere as they are cooled to within a tem 
perature range which promotes the desired degree of 
hydrogen absorption. Usually, the desired degree of 
absorption is that which renders the product sufficiently 
friable for use in powder metallurgy procedures. Be 
cause the droplets are relatively small, absorption oc 
curs rapidly, typically in less than a minute. The result 
ing particulate hydride is then cooled to below the 
hydriding reaction temperature (the temperature at 
which hydrogen is absorbed at a commercially practical 
rate, typically above about 300° C.) of the metal. The 
particulate product is brittle and susceptible to grinding 
and sizing, if desired. Expedients may be incorporated 
in the process, however, to ensure the production of a 
properly sized, e.g., —20 mesh to about +60 mesh 
(Tyler), particulate hydride product. 
The melting zone may include various mechanical or 

other dynamic means for dispersing melted metal into 
droplets of preselected size. The presently preferred 
means for this purpose is a turbulent, inert or hydrogen 
atmosphere. Hydrogen is desirably present in an 
amount effective to promote the plasma flame and the 
hydrides of the molten metal. Molten metal is intro 
duced into the melting zone, preferably in small vol 
umes at controlled rates. High energy heating sources, 
such as a plasma ?ame, are presently considered ideal, 
both for melting feed stock and for droplet formation. A 
plasma torch may be con?gured as a melting chamber 
or included as a portion of a melting zone. Some hydrid 
ing may occur in the melting zone, but the preparation 
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of active (unreacted) molten metal surface area is of 
priimary interest in this zone. 
The droplets formed in the melting zone are passed 

through a hydriding zone in which they are exposed to 
a hydrogen atmosphere under pressure, temperature 
and dynamic conditions which promote hydrogen ab 
sorption. Hydriding can occur very rapidly in view of 
the small size of the droplets, and because the entire 
surface of each droplet is substantially free from passive 
coatings. Accordingly, the droplets solidify and react to 
the desired friable characteristic within a few seconds, 
usually in much less than a minute following their for 
mation in the melting zone. The dynamics of the hydrid 
ing atmosphere may be controlled as desired between 
quiescent and turbulent. Droplet 19 formation in accor 
dance with this invention can be controlled to avoid the 
production of large quantities of ?nes. Nevertheless, 
countercurrent ?ow may be utilized in the hydriding 
zone to separate ?nes or to otherwise assist in the classi 
?cation of the hydrided product into desired size frac 
tions. 
The hydrided product of this invention may be puri 

?ed by methods well known by those skilled in the art. 
Alternatively, the hydrided product may be crushed 
and sized or pressed into forms and then puri?ed. In any 
event, a particular advantage of this invention is _the 
production of particulate or formed metal objects from 
transition metal alloys wherein the alloy phase composi 
tion is substantially unchanged by virtue of the hydrid 
ing process. This quality is especially signi?cant with 
respect to the commercially important alloys of zirco 
nium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing is a schematic diagram of a hydriding 
reactor in which the procedures presently regarded as 
the best mode for carrying out the invention may be 
practiced. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

A hydriding reactor, designated generally 10, in 
cludes a plasma torch 11 mounted atop a cylindrical 
column 12. The torch 11 produces a ?ame 15 into which 
is introduced metal feed 17. The feed illustrated as solic 
zirconium bar stock, but could alternately be in the 
form of chips or powder conveyed to the vortex of the 
?ame 15. There is no necessity for the feed material to 
be machined or otherwise precisely formed. 
The plasma ?ame 15 may be an inert gas plasma, but 

desirably includes hydrogen gas. The appropriate par 
tial pressure of hydrogen may be determined empiri 
cally by monitoring the product recovered from the 
reactor 10. The plasma torch 11 is operated to produce 
turbulence at the top of the column 12, thereby to form 
discrete droplets, preferably within the size range of 
minus 20 mesh (Tyler) in the region 20. Although the 
temperature of these droplets is initially above the ef? 
cient hydriding range, some hydrogen is nevertheless 
adsorbed in the region 20. A hydrogen atmosphere is 
maintained within the entire column 12, and additional 

, hydrogen is adsorbed during transit of the droplets 
through the region 21, wherein the temperature is con 
trolled to within the hydriding range; in the case of 
zirconium alloys, about 300° C. to about 700° C., more 
desirably about 400° C. to about 600° C. The lower 
region 22 of the interior of column 12 is shown as a 
quenching or cooling zone. The hydrogen atmosphere 
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is maintained in this region at a temperature appropriate 
to cool the solidi?ed droplets to below a_ reactive tem 
perature, and eventually to a temperature convenient 
for recovery through a discharge mechanism 25. The 
residence time of the droplets in the hydriding zone 
‘comprising the regions 21 and 22 is sufficient for the 
metal to become friable; in ‘the case of zirconium by 
absorbing at least about one percent by weight, more 
desirably at least one and one-half percent by weight 
hydrogen. 
Means 30 are provided for the introduction of hydro 

gen gas to the interior of the reactor 10, Hydrogen gas 
may be recirculated through a recirculation system 35, 
as shown, to the torch 11 or back to the supply means 
30. 
The hydrides of zirconium, titanium and hafnium 

sponge or alloy metals produced in accordance with the 
aforedescribed process fracture easily during pressing 
to provide high density compacts. The hydrided partic 
ulate or the compacts may be vacuum sintered to re 
move the absorbed hydrogen. The process providesv 
both particle size uniformity‘and hydrogen uniformity 
which facilitates attrition to a uniform crushed size, if 
desired, for subsequent pressing and dehydriding. 
Although the process has been described with refer- . 

ence to hydriding, it may be adapted to the preparation 
of nitrides, chlorides, oxides and the like. 

Reference herein to details of the illustrated embodi 
-ment is not intended to restrict the scope of the ap 
pended claims. 

I claim: , 

1. A method for producing powder metallurgy par 
ticulate hydrides principally of a transition metal se 
lected from Groups IV-b and V-b of the periodic table 
of elements, said method comprising: 

introducing solid bar or chips principally of a Group 
IV-b or V-b metal to a melting zone under condi 
tions which form and then disperse individual 
droplets of said metal, wherein said droplets are 
predominantly within the size range of about —20 . 
mesh to about +60 mesh (Tyler); 

solidifying said droplets while maintaining said drop-' 
lets dispersed; , , 

maintaining said solidi?ed droplets in a hydriding 
zone whilecooling from solidi?cation in the pres 
ence of hydrogen at a temperature within the range 
maintained to effect a solidified droplet tempera 
ture of between about 300° C. to about 700° C., for 
suf?cient duration for said solidi?ed droplets to 
become friable; and I I 

recovering said solidi?ed droplets from said hydrid 
ing zone. ' 

2. A method according to claim 1 wherein a melting 
zone is utilized and a plasma torch is positioned to pro 
vide a source of heat and a turbulent atmosphere which 
cooperatively melt and disperse said metal, thereby to 
form individual droplets. 

3. A method according to claim 2 wherein the sur 
faces of said droplets in said melting zone, except for 
metal hydrides formed in said zone, consist substantially 
of unreacted metal. , 

4. A method according to claim 1 wherein said drop 
lets have a total residence time in the melting zone and 
the hydriding zone is of less than about one minute. 

5. A method according toclaim 4 wherein the atmo 
sphere within the melting zone consists essentially of 
inert gas and hydrogen. 
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6. A method according to claim 5 wherein the plasma 
torch is fed with an inert gas and hydrogen. 

7. A method according to claim 6 wherein the metal 
comprises zirconium or a zirconium alloy, and the solid~ 
i?ed droplets are recovered from said hydriding zone 
after they have absorbed at least about one percent by 
weight hydrogen. 

8. In the process of producing metal hydrides by 
exposing a Group IV-b metal or alloy capable of react 
ing with hydrogen to a hydrogen atmosphere at a tem 
perature within the hydriding temperature of that 
metal, the improvement comprising: melting solid bar 
or chips of said metal or alloy under conditions which 
form and disperse droplets and wherein said droplets 
are predominantly within the size range of about —20 
mesh to about +60 mesh (Tyler); 
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6 
solidifying said droplets while maintaining said drop 

lets dispersed; and cooling said solidi?ed droplets 
in the presence of hydrogen gas, 

thereby exposing said droplets to hydrogen gas, for a 
period of up to about one minute at a hydriding 
temperature of 300°-700° C. 

9. An improvement according to claim 8 wherein said 
metal is zirconium or an alloy of zirconium and the 
solidi?ed droplets are exposed to hydrogen while cool 
ing from solidi?cation through the range of about 600° 
C. to about 400° C. 

10. The improvement of claim 9, wherein said metal 
is an alloy of zirconium, and the metallic phase compo 
sition of said alloy is essentially unchanged by the hy 
driding process. 

11. The improvement of claim 8, wherein said drop~ 
lets are maintained dispersed while being cooled at said 
300°—700° C. hydriding temperature. 

it i * * 1K 


